Context: There is limited information that accounts for comorbidity on the impact of role disability associated with a wide range of mental and physical disorders in population-based samples.
A S HEALTH CARE SPENDING IN
the United States continues to rise, 1 it will be increasingly necessary to make thoughtful decisions regarding resource allocation. Such choices should be based on accurate information about the individual and population costs of particular conditions as well as the cost-effectiveness of specific interventions for these conditions. Costs of illness include direct treatment costs and indirect costs related to morbidity and mortality. Although direct costs can readily be measured through transactional billing data, limited systematic information exists on indirect costs either at the individual level (eg, impaired functioning in work and social roles, family burden) 2, 3 or at the societal level (eg, lost productivity, workers' compensation). 4, 5 The absence of indirect cost data leads to unrealistically low estimates of the total costs of illness because available evidence suggests that indirect costs make up a substantial part of these overall costs. [6] [7] [8] The importance of role disability has become increasingly recognized as a major source of indirect costs of illness because of its high economic impact on ill work-ers, their employers, and society. [9] [10] [11] However, synthesis of estimates of condition-specific indirect costs from previous studies has been precluded by methodological differences in sampling source, measures, time frames of assessment, and specific conditions included in the analyses. 9 Moreover, only a limited number of studies have controlled for comorbidity in generating estimates of disability 6, [12] [13] [14] [15] [16] [17] and none has estimated condition-specific effects for a wide range of mental and physical conditions controlling for comorbidity in a population-based sample.
The current report presents, to our knowledge, the first nationally representative general population estimates of the adverse effects of a wide range of mental and chronic physical conditions on role disability. The aim is to estimate the relative effects of a number of commonly occurring conditions on role disability at both the individual and population levels using a novel approach that accounts for comorbidity.
METHODS

SAMPLE
Data come from the National Comorbidity Survey Replication (NCS-R), 18, 19 a nationally representative series of direct interviews based on a multistage clustered area probability sample of the population of US adults living in households. The interview was in 2 parts. Part 1 was administered to the full sample of 9282 respondents to assess core mental disorders. The response rate was 70.9%. A probability subsample of hard-torecruit, predesignated respondents was selected for a brief telephone nonrespondent survey, the results of which were used to weight the main sample for nonresponse bias. The Human Subjects committees of Harvard Medical School and the University of Michigan both approved these recruitment and consent procedures. Part 2 was administered to a probability subsample of 5692 respondents that included all part 1 respondents with a core mental disorder plus a roughly 25% probability subsample of other part 1 respondents. Part 2 assessed chronic physical conditions, risk factors, and costs of illness. The part 2 sample is the focus of the current report. This sample was weighted to adjust for differential probabilities of selection within households, oversampling of part 1 respondents with mental disorders, differential nonresponse, and residual discrepancies between the sample and the US population on the cross-classification of basic demographic and geographic variables. For the purposes of the current report, the sample was also weighted to adjust for seasonal variation in sample size. More details about the NCS-R sample design are reported elsewhere.
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MEASURES
Role disability was assessed with the World Health Organization Disability Assessment Schedule. 20 Respondents were asked to report the number of days of the past 30 days when they were totally unable to work or carry out other usual activities because of problems with physical health, emotions or nerves, or use of alcohol or drugs. Good concordance of reported disability days has been documented both with payroll records of employed people 21, 22 and with prospective daily diary reports. 23 Physical conditions were assessed with a standard chronic conditions checklist based on the list used in the US National Health Interview Survey 24, 25 (http://www.hcp.med.harvard.edu /ncs/replication.php). Checklists of this sort have been widely used in prior population-based studies and have been shown to yield more complete and accurate reports than estimates derived from responses to open-ended questions. 26 Methodological studies in both the United States and the United Kingdom have documented good concordance between such condition reports and medical records. [27] [28] [29] The prevalence estimates of these conditions in the NCS-R are in accordance with those in other large-scale community surveys. 25 Seven classes of chronic physical conditions were assessed, including cancer, cardiovascular problems (heart attack, hypertension, other heart disease, stroke), diabetes mellitus, digestive problems (irritable bowel syndrome, ulcer), musculoskeletal problems (arthritis, chronic back/neck pain), respiratory problems (allergies, asthma, chronic obstructive pulmonary disease), and sensory organ impairment (hearing impairment, vision impairment). Respondents were asked to report each condition's lifetime presence and occurrence during the past 12 months of each condition. This report considers only conditions present in the past 12 months.
Mental disorders were assessed with version 3.0 of the World Health Organization Composite International Diagnostic Interview (CIDI), 30 a fully structured, lay-administered interview designed to generate research diagnoses of commonly occurring DSM-IV 31 mental disorders. The 4 classes of conditions considered herein include anxiety disorders (panic disorder, generalized anxiety disorder, agoraphobia, specific phobia, social phobia, obsessive-compulsive disorder, posttraumatic stress disorder), mood disorders (major depressive episode, dysthymic disorder, bipolar disorder), impulse-control disorders (intermittent explosive disorder, adult attention-deficit/ hyperactivity disorder, oppositional defiant disorder), and substance use disorders (alcohol and drug abuse with or without dependence). Generally good concordance was found in an NCS-R clinical calibration study between CIDI diagnoses and independent clinical assessment based on the Structured Clinical Interview for DSM-IV 32 for anxiety, mood, and substance use disorders. 33 The CIDI diagnoses of impulse-control disorders have not been validated.
Sociodemographic controls were included for age, sex, race/ ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, other), education (Ͻhigh school graduate, high school graduate, some college, college graduate), family income (0-1.5, 1.6-3, 3.1-6, Ն6 times the poverty line for a family the size of the respondent's family), and the multivariate profile of variables assessing marital status (married/cohabiting, never married, separated/divorced, widowed), employment status (employed, homemaker, student, retired, other), and the number and ages of children (0, 1, Ն2 in each of the age ranges 0-5, 6-12, 13-19, and Ն20 years).
ANALYSIS METHODS
Odds ratios were calculated to estimate the strength of associations in each of the 378 logically possible pairs among the 30 conditions considered in the analysis. Linear regression analysis was used to examine the associations of individual conditions and all conditions together with number of disability days. Multiple regression analysis with dummy predictor variables for specific conditions (eg, arthritis, depression) and combinations of comorbid conditions (eg, arthritis with depression) was used to evaluate the possibility of synergistic predictive effects of comorbid conditions on role disability. All regression equations included controls for age, sex, race/ethnicity, education, and a cross-classification of sociodemographic variables that define role incumbency (marital status, employment status, and number and ages of children).
Simulation was used to estimate the separate and joint incremental predictive effects of groups of conditions and of each individual condition. This was done by calculating the predicted number of disability days for each respondent based on the coefficients in the full best-fitting regression model and then calculating the same outcome based on simulated data sets that classified 1 or more conditions to be absent. Differences in mean predicted disability days between these 2 models were then compared and interpreted as incremental predictive effects of the conditions fixed to be absent in the restrictive models. This approach resolves the problem of estimating summary effects of conditions in the presence of multiple interactions. Because the conditionspecific simulations were based on the implausible assumption that prevalence of other conditions would not change in the absence of the focal condition, we also evaluated the implications of this assumption by carrying out additional simulations that estimated the combined effects of all conditions in each class by classifying multiple conditions as absent.
The recall periods of the predictors (conditions present in the past 12 months) and the outcome (number of disability days in the past 30 days) were allowed to differ based on the assumption that conditions can be recalled over a longer period than disability days. Effect size estimates were annualized to correct for this inconsistency between the recall periods of the predictors and outcome using the constant multiplier 365/30. This transformation should have yielded unbiased estimates of the associations between 12-month conditions and number of disability days in the past 12 months because the 30-day period before the interview can be considered a random month in the past year because the survey was carried out in representative subsamples throughout the year. Importantly, for purposes of justifying this assumption, respondents were randomly assigned to subsamples that differed in month of recruitment, and seasonal differences in subsample size were removed for purposes of this analysis by weighting.
Standard errors of estimates were generated using the jackknife repeated-replications method 34 implemented in an SAS macro 35 to adjust for the weighting and clustering in the NCS-R sample design. This method was used at the level of the simulation; that is, each simulation was replicated 84 times (based on the existence of 84 geographic primary sampling error calculation units in the sample) to generate an empirical distribution of coefficient estimates to calculate standard errors. All significance tests were evaluated at the .05 level with 2-sided tests.
RESULTS
PREVALENCE OF DISABILITY DAYS
The annualized mean of self-reported disability days was 34.6 in the total sample, equivalent to more than 7.2 billion days per year if applied to the US population among people in the age range of the sample ( Table 1) . Number of disability days was significantly related to employment status, with means varying from a low of 17.9 among students to a high of 121.4 among the unemployed/ disabled. Employment status was controlled in all subsequent analyses.
INDIVIDUAL-LEVEL ASSOCIATIONS OF CONDITIONS WITH ROLE DISABILITY
A statistical model was built of the multivariate associations among conditions in predicting disability days at the individual level. We began with a separate linear regression model for each condition (gross effects model), which estimated the total association of each condition with the outcome, controlling for sociodemographic variables but not for other conditions. For example, cancer was associated with 41.1 disability days. All 30 conditions had positive coefficients in this model, 27 of them significant at the .05 level ( Table 2 , "Gross Coefficient" column). A series of multivariate models was then estimated, which included all 27 significant conditions from the gross effects model (results available on request). The additive version of this model was revised to investigate the implications of combining conditions within classes. For example, alcohol and drug abuse with dependence were combined based on the finding of equivalent coefficients for either or both of these conditions. This model was then revised to include interactions. Nearly 25% of all logically possible 2-way interactions were significant at the .05 level. The vast majority of these interactions were negative, indicating that the effects of comorbid conditions are less than the sum of the effects of the 2 conditions alone. Higher-order interactions were also evaluated but were not significant either in global tests or in tests of interactions among broad profiles (eg, number of conditions, number of classes of conditions). The final nonadditive multivariate model (ie, the model including separate predictors for a number of different conditions as well as for significant interactions among conditions) was used to estimate the net association of each condition with disability days, controlling for other conditions using the simulation approach described earlier (Table 2 , "Simulated Net Coefficient" column). For example, those with cancer had an average of 7.3 fewer days of disability after controlling for the effects of comorbid disorders.
To examine the impact of comorbidity on individuallevel associations more fully, the effect of each condition was compared before and after incorporating comorbidity into the model (Figure 1) . The coefficients in the models that controlled for comorbidity are, on average, only about half (57.9%) as large as the coefficients in the models that did not control for comorbid- ity (interquartile range, 39.5%-74.5%), with a range from 84% for chronic obstructive pulmonary disease and cancer to 31% for arthritis. The ratios are generally smaller for mental than physical conditions, reflecting the stronger and more consistent effects of comorbidity involving mental, as opposed to physical, conditions. The results do, however, document powerful effects of comorbidity in both types of conditions.
POPULATION-LEVEL ASSOCIATIONS OF CONDITIONS WITH ROLE DISABILITY
The 30 conditions differ widely in self-reported prevalence, from a high of 27.3% for arthritis to a low of 0.4% for drug dependence ( Table 3 , "12-Month Prevalence" column). The individual-level associations in the simulated net effects model (Table 2 ) were projected to population-level estimates by taking into consideration their prevalence and standard errors to yield an estimate of the number of disability days per year in the US population associated with specific conditions (Table 3 , "US Days per Year" column). As with the individual-level data, back/ neck pain (1167.8 million disability days per year) and major depression (386.6 million days) had the largest population-level coefficients. Arthritis, despite a small individual-level coefficient, had the third largest populationlevel coefficient (374.6 million days) because of its very high prevalence. The estimated combined coefficient for all mental conditions (1292.2 million days) is equal to roughly half (54.3%) the estimated combined coefficient for all physical conditions (2378.3 million days). The estimated combined coefficient for all physical and mental conditions (3588 million days) equals 49% of the estimated total days of role disability in the population (7247 million days), the remainder presumably due to unmeasured mental conditions, acute physical conditions, or unmeasured chronic physical conditions.
We also carried out simulations of the combined effects of classes of conditions. The mean (2 SEs) of the resulting population-level estimates for classes of conditions were then graphed and ranked in descending order for ease of interpretation (Figure 2) . The estimated coefficient associated with all conditions in a class was more than the sum of the condition-specific coefficients in 3 classes (digestive, sense organs, substance abuse/ dependence), less than the sum in 2 classes (musculoskeletal, anxiety disorders), and roughly equal to the sum in 2 classes (cardiovascular, mood disorders). This variation shows that the estimated effects of the individual components are net of all comorbid conditions, including withinclass comorbidities, whereas the effect of the entire class includes within-class comorbidity. Depending on whether the comorbid cases have more, less, or the same number of disability days as one would expect based on an additive model, the overall net effect of the class will be higher, lower, or the same as the sum of the individual component effects. The class with by far the highest estimated combined coefficient is musculoskeletal (1167.8 million days), followed by anxiety disorders (706.6 million days), mood disorders (489.7 million days), and cardiovascular (424.8 million days).
COMMENT
The major contribution of this article is the application of a novel approach to the estimation of the effects of in- dividual conditions in the presence of comorbidity. The total number of disability days associated with the conditions considered herein is staggering. Over a 1-year period, each of the 53.4% of US adults with 1 or more of these conditions is estimated to average more than 1 full month (32.1 days) of health-related role disability, equivalent to nearly 3.6 billion days out of role in the population. Such large effects demand consideration in determining priorities in health care treatment and research.
Although several previous studies have incorporated the effects of comorbidity into estimates of the effects of specific conditions on a range of indirect outcomes (eg, days out of role, quality of life, various scales of role functioning), 8, 13, 15, 16, 36 to our knowledge no prior study of a population-based sample has provided estimates of condition-specific disability for a range of physical and mental disorders, controlling for associations within and between classes of comorbid disorders. Our finding that the estimated condition-specific effects of virtually all conditions decreased after accounting for comorbidity suggests that prior studies have overestimated diseasespecific effects on disability. However, there is a wide range of differences in the effects of comorbidity for the conditions that we studied. For instance, whereas the estimated effects of cancer and chronic obstructive pulmonary disease only decreased by 16%, the estimated effect of arthritis decreased by 69% in the models that incorporated comorbidity.
Musculoskeletal conditions and depression had the largest estimated effects on disability of all the conditions considered herein at both the individual and population levels. In light of the variability in methods of prior studies, it is striking that previous studies have also ranked musculoskeletal disorders and major depression as the conditions associated with the largest number of disability days at both the individual 26, 37 and population levels. 15, 38 Our results suggest that these conditions should be prioritized in the allocation of health care resources. A vivid illustration of the mismatch between health care resources and disease impact is provided by Druss et al, 39 who found that musculoskeletal disorders and depression have the lowest health care expenditures relative to disability of any commonly occurring conditions in the United States.
Discrepancies between population-level and individuallevel estimated effects of specific conditions are primarily attributable to variations in population prevalence estimates. For example, although arthritis is estimated to have a low individual-level effect on role disability, it has the third largest estimated effect at the population level because of its high prevalence. In contrast, lowprevalence, high-impact conditions, such as cancer, have low estimated population-level effects. Finally, a number of conditions known to have major public health effects, such as diabetes and hypertension, were not included in the final models because our simulation evaluated the incremental effects of specific conditions net of the effects of other conditions and found these incremental effects to be statistically insignificant. This is presumably because the effects of diabetes and hypertension are realized largely through progression to other conditions included in our analyses (eg, cardiovascular disorder, visual impairment).
Our results confirm those of several other studies in suggesting that the individual-level effects of mental conditions are as large as those of most chronic physical conditions. 13, 14, 36, 40 We found that the number of disability days associated with all mental conditions at the popu- lation level equals more than half (54%) the number of days associated with all the physical conditions considered herein at the population level. This demonstrates the enormous significance of mental conditions to overall illness-related disability. The substantial impact of mental disorders can be attributed to their high prevalence, substantial comorbidity with physical conditions, comparatively early age at onset, and broad influence on functional impairment.
Evidence of the relative effects of different chronic conditions on role disability may be of particular interest to employers, [41] [42] [43] who have been at the forefront of efforts to develop targeted health care interventions to decrease workplace disability associated with chronic conditions. [44] [45] [46] Evidence is mounting that such programs can have positive return on investment when effective treatments are available. 47, 48 Replication of our study among employed people could help to fill the gap in empirical data to guide resource allocation decisions for healthrelated research. Current data on health care costs that are based primarily on prevalence, mortality, and direct health care costs of chronic diseases are only beginning to include the substantial magnitude of indirect costs due to disability, absenteeism, and lower work productivity. 9 The National Institutes of Health has recently established a program to evaluate the entire agency research portfolio to ensure that their research addresses urgent public health needs. 49 Evidence on the comparative human and financial costs of chronic conditions should have a central role in this new evidence-based system of research priority setting.
Our findings should be considered in the context of 4 broad classes of limitations. The first class concerns measurement errors. Although CIDI diagnoses of DSM-IV mental disorders have good concordance with independent clinical evaluations, 50,51 the checklist used to assess physical conditions was more superficial, possibly leading to underestimation of the prevalence or associations with disability of physical relative to mental conditions. However, the prevalence estimates obtained herein are similar to those in previous epidemiologic studies of physical conditions. 25 The inclusion of acute conditions may have led to a greater increase in the estimated importance of physical relative to mental conditions because the most common acute conditions are physical (seasonal allergies, cold/flu, and strains/sprains).
Measurement errors also have to be considered in the outcome measure, days of role disability. Although this is the most widely used indicator of disability in the lit- erature, recent research shows that reduced role performance on days in role also has an important effect on role disability. 9, 52, 53 The relative effects of the conditions considered herein on reduced quantity or quality of role performance might be different from their effects on days out of role. Reports about days of role disability might also be biased by a combination of recall failure, which leads to underestimation, and "telescoping," the tendency to recall events as occurring more recently than they actually occurred, 54 which leads to overestimation. Although previous research has shown that reports of work-loss days based on the disability questions used herein are unbiased in comparison with payroll records, 21 no comparable objective measures exist to validate reports about disability on nonwork days or among people who are not employed.
The second limitation is that the different periods of measurement of disorders (12-month recall) and disability (30-day recall) could have introduced bias into the results even though our correction method leads to unbiased estimates if the profile of disability days in the 30 days before interview is typical of the profile across all months of the past year. Evidence that these profiles might not be entirely typical comes from methodological research showing that some respondents postpone participation in surveys when they have acute flare-ups of chronic conditions. 55 As a result, respondents tend to be in somewhat better health during the month of interviews than during other months, causing the number of disability days in the 30 days before interview to be lower than in a typical month and creating somewhat conservative disability prevalence estimates.
The third limitation is that the cross-sectional naturalistic study design is ill suited to making causal interpretations about the associations documented herein between conditions and disability. Unmeasured common causes might influence these associations. In the case of the net coefficients, a related problem is that the incremental effect of each condition was evaluated after controlling for all other conditions even though some of these other conditions might have been consequences of the focal condition. This means that indirect effects of a focal condition on disability mediated by a comorbid condition (eg, an effect of cancer on disability due to cancer causing depression and depression causing disability) are excluded from the simulation. This will generally lead to an underestimation of the true effect of conditions on disability.
The fourth limitation is that we examined aggregate patterns in the total population rather than only among the employed. This means that we estimated the effects of conditions on days out of role rather than on days out of work. The relative effects of different conditions on days out of work among employed people might differ from the results reported herein, both because of differences in relative prevalence (ie, because some conditions are more important than others in influencing whether a person is employed) and because of differential effects on missing days of work and on missing days of other role activities (eg, days out of role on weekends among employed people and days out of role among homemakers or retired people). 
